A novel actinobacterium, designated IPBSL-7 T , was isolated from a drilling core 297 m deep obtained from the Iberian Pyrite Belt. The strain was isolated anaerobically using nitrate as the electron acceptor. 16S rRNA gene sequence analysis revealed that it was related to Tessaracoccus flavescens SST-39 T (95.7 % similarity), Tessaracoccus bendigoensis Ben 106 T (95.7 %), Tessaracoccus lubricantis KSS-17Se T (95.6 %) and Tessaracoccus oleiagri SL014B-20A1 T (95.0 %), while its similarity to any other member of the family Propionibacteriaceae was less than 94 %. Cells were non-motile, non-spore-forming, Gram-positive, oval to rod-shaped, and often appeared in pairs or small groups. The strain was facultatively anaerobic, oxidasenegative, catalase-positive and capable of reducing nitrate. Colonies were circular, convex, smooth and colourless. The organism could grow at between 15 and 40 6C, with an optimal growth at 37 6C. The pH range for growth was from pH 6 to 9, with pH 8 being the optimal value. Strain IPBSL-7 T had peptidoglycan type A3-c9, with LL-diaminopimelic acid as the diagnostic diamino-acid and glycine at position 1 of the peptide subunit. The dominant menaquinone was MK-9(H 4 ) (93.8 %). The major cellular fatty acid was anteiso-C 15 : 0 (55.0 %). The DNA G+C content was 70.3 mol%. On the basis of phenotypic and phylogenetic results, strain IPBSL-7 T can be differentiated from previously described species of the genus Tessaracoccus and, therefore, represents a novel species, for which the name Tessaracoccus lapidicaptus sp. nov. is proposed. The type strain is IPBSL-7 T (5CECT 8385 T 5DSM 27266 T ).
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The genus Tessaracoccus, belonging to the family Propionibacteriaceae, was first described by Maszenan et al. (1999) and contains four species with validly published names at the time of writing: Tessaracoccus bendigoensis (Maszenan et al., 1999) , Tessaracoccus flavescens (Lee & Lee, 2008) , Tessaracoccus lubricantis (Kämpfer et al., 2009) and Tessaracoccus oleiagri (Cai et al., 2011) . All four species are Gram-positive and nonmotile actinobacteria. The cell-wall peptidoglycan contains LL-diaminopimelic acid (LL-DAP). MK-9(H4) is the major menaquinone and anteiso-C 15 : 0 is the predominant cellular fatty acid.
One gram of powder sample from a core sampled at 297 m depth and stored under anaerobic conditions was aseptically removed in a clean N 2 -filled glovebox and used to inoculate a 100 ml vial of anoxic F4 medium (0.4 g NaCl l ). A negative control was performed by keeping a second vial open inside the glovebox for the duration of the inoculation procedure. The two vials were sealed with a gastight rubber septum and an aluminium cap, taken out of the glovebox and incubated at 30 u C. Growth was followed by visual inspection and microscopic examination. After 1 week, growth was detected in the inoculated vial and 1 ml of the culture was transferred to a 100 ml vial of fresh anoxic modified F4 medium (similar to F4 medium but with no peptone and 0.1 g yeast extract l
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) and incubated at 30 uC for another week. Pure cultures were Cells grown in liquid TSB for 8 h at 30 u C and 200 r.p.m. were used to examine cell morphology and motility with a light microscope (BX40; Olympus). Cell morphology was also examined with a JEOL JEM-1010 transmission electron microscope (Fig. S1 , available in the online Supplementary Material) at the Centro Nacional de Microscopía Electró nica (CNME, Madrid, Spain), after preparing the samples as described elsewhere (Ferrero et al., 2013) , but without adding 5 % K 3 Fe(CN) 6 in the post-fixation step. Colony morphology and pigmentation were observed after incubation on tryptic soy agar (TSA; BD-Difco) for 5 days at 30 uC. The 16S rRNA gene was amplified by colony PCR using the universal primers 27f and 1492r (Lane, 1991) , with the following PCR conditions: 95 u C, 5 min; (95 u C, 30 s; 48 u C, 45 s; 72 u C, 1.5 min)630 cycles; 72 u C, 10 min. The amplicon was sequenced with an ABI PRISM BigDye Terminator cycle sequencing kit (Applied Biosystems) and an automatic DNA sequencer (model 3730xl; Applied Biosystems). The resulting 16S rRNA gene sequence had a length of 1434 nt, and was aligned with the SILVA SSU Ref NR 99 reference database (Pruesse et al., 2007) by using SINA (Pruesse et al., 2012) . The ARB software package (Ludwig et al., 2004) was used to identify closely related bacteria and to reconstruct phylogenetic trees. Candidate sequences for tree reconstruction were aligned by using CLUSTAL W (Larkin et al., 2007) . The neighbour-joining (Saitou & Nei, 1987) with Felsenstein correction (Felsenstein, 1985a) and maximum-parsimony (Fitch, 1971) algorithms included in the ARB package were used for phylogenetic inference (Figs 1 and  S2 ). The robustness of the reconstructed trees was evaluated by bootstrap analysis (Felsenstein, 1985b) T with other type species of the family Propionibacteriaceae were less than 93.2 %.
Results of the physiological characterization are given in the species description. Growth response to temperature was tested in liquid TSB medium at 8, 15, 25, 30, 37 and 40 u C. Growth response to pH was tested in liquid TSB medium, buffered with a 10 mM citrate buffer for pH 5 and 5.5, a 10 mM potassium phosphate buffer for pH 6, 6.5, 7, 7.5 and 8, and a 10 mM HEPES buffer for pH 8.5 and 9. Salt tolerance was tested in liquid TSB medium supplemented with 1, 2, 4 or 8 % (w/v) NaCl. Bacterial growth was determined by following OD 600 variations of duplicate cultures shaken at 200 r.p.m. for 2 days and comparing them with uninoculated controls. The effects of temperature, pH and salt concentration on bacterial growth were also determined for T. bendigoensis Ben 106
T (type species of the genus Tessaracoccus) and T. flavescens SST-39 T (closest phylogenetic relative of strain IPBSL-7 T ), by using the same methodology described above. The tolerance to heavy metals was determined by growing serial dilutions of the strain on TSA plates amended with different concentrations of NiSO 4 , ZnSO 4 , CuSO 4 , CdSO 4 or CoSO 4 . The final metal ion concentration varied from 0.5 to 20 mM. Other physiological properties (substrate utilization, enzymic activities, tolerance to antibiotics and other compounds) of the strain were examined with commercial test systems [GPIII (Biolog), API20A, API20NE, APIZym (bioMérieux)] and antibiotic discs by the DSMZ Identification Service . All strains are Gram-positive, facultatively anaerobic and contain LL-DAP in the cell-wall peptidoglycan. All strains are positive for nitrate reduction, aesculin hydrolysis, glucose fermentation, glycerol fermentation and mannose fermentation. All strains are positive for the following enzymic activities: esterase, esterase lipase, leucine arylamidase, a-galactosidase, bgalactosidase, a-glucosidase and b-glucosidase. All strains are negative for indole production, glucose fermentation, arginine hydrolysis, urease activity and gelatin hydrolysis. All strains were unable to grow on the following substrates: 3-O-methyl D-glucose, D-fucose, L-fucose, L-rhamnose, inosine, D-glucose 6-phosphate, D-fructose 6-phosphate, D-aspartic acid, D-serine, gelatin, glycyl-L-proline, L-alanine, L-arginine, L-aspartic acid, Lglutamic acid, L-histidine, L-pyroglutamic acid, L-serine, pectin, D-galacturonic acid, L-galacturonic acid c-lactone, mucic acid, quinic acid, Dsaccharic acid, p-hydroxyphenylacetic acid, methyl pyruvate, citric acid, a-ketoglutaric acid, D-malic acid, L-malic acid, bromosuccinic acid, Tween 40, c-amino-n-butyric acid, b-hydroxybutyric acid, a-ketobutyric acid, acetoacetic acid, propionic acid, acetic acid and sodium formate. All strains were negative for the following enzymic activities: alkaline phosphatase, lipase, valine arylamidase, cystine arylamidase, trypsin, chymotrypsin, acid phosphatase, b-glucuronidase, a-mannosidase and a-fucosidase. +, Positive; 2, negative; W, weakly positive. Carbon source utilization Dextrin
a-Lactose
(Braunschweig, Germany). All commercial tests were performed according to the manufacturers' instructions on cells grown in TSB at 30 u C.
The commercial tests listed above and the cellular fatty acid analyses were also performed on T. bendigoensis Ben 106 T and T. flavescens SST-39 T cells grown on TSB at 30 u C.
Results of chemotaxonomic analyses are given in the species description. Chemotaxonomic characterization (polar lipids, cellular fatty acids, respiratory quinones and peptidoglycan structure) was carried out by the DSMZ Identification Service. Polar lipids and respiratory quinones were extracted from 100 mg freeze-dried cell material using the two-stage method described by Tindall (1990a, b) . Respiratory quinones were extracted using methanol/hexane, followed by phase separation into hexane. Respiratory lipoquinones were separated by TLC on silica gel (art. no. 805 023; MachereyNagel), using hexane/tert-butylmethylether (9 : 1, v/v) as solvent. UV absorbing bands corresponding to the different quinone classes were removed from the plate and further analysed by HPLC on a LDC Analytical (Thermo Separation Products) HPLC fitted with a reverse-phase column (2 mm6125 mm, 3 mm, RP18; Macherey-Nagel) using methanol/heptane 9 : 1 (v/v) as the eluant. Respiratory lipoquinones were detected at 269 nm. Polar lipids were separated by two-dimensional silica gel TLC (art. no. 818 135; MachereyNagel). The first direction was developed in chloroform/ methanol/water (65 : 25 : 4, by vol.), and the second in chloroform/methanol/acetic acid/water (80 : 12 : 15 : 4, by vol.). Total lipid material was detected using molybdatophosphoric acid and functional groups were detected using specific spray reagents, Full details are given by Tindall et al. (2007) .
Fatty acid methyl esters were obtained and analysed as described elsewhere (Miller, 1982; Kuykendall et al., 1988; Kämpfer & Kroppenstedt, 1996) . Peptidoglycan was isolated, purified and analysed according to published protocols (Schumann, 2011) . DNA G+C content analysis was carried out by the DSMZ Identification Service according to published protocols (Cashion et al., 1977; Tamaoka & Komagata, 1984; Mesbah et al., 1989) .
Strain IPBSL-7 T was resistant to the following antibiotics (mg of antibiotic per disc, unless otherwise specified): colistin (10), nitrofurantoin (100), pipemidic acid (20) Phylogenetic analyses showed that strain IPBSL-7 T clustered together with other strains from the genus Tessaracoccus (Fig.  1, Fig. S2 ). Additionally, the strain was positive for nitrate reduction and its peptidoglycan type was A3c9 (Schleifer & Seidl, 1985) . These two characteristics are shared among all Cai et al. (2011) . DPGL, unknown phosphoglycolipid; DPG, diphosphatidylglycerol; PG, phosphatidylglycerol; GL, unknown glycolipid; PI, phosphatidylinositol; PL, unknown phospholipid; L, unknown polar lipid.
Novel actinobacterium isolated from the deep subsurface known members of the genus Tessaracoccus, but are absent in closely related genera such as Brooklawnia (Bae et al., 2006) and Propionimicrobium (Stackebrandt et al., 2002) . This further supports the inclusion of strain IPBSL-7 T in the genus Tessaracoccus.
The main morphological, physiological and chemotaxonomic characteristics that differentiate strain IPBSL-7
T from other related strains representing the genus Tessaracoccus are shown in Tables 1 and 2 . There were differences in salt tolerance, substrate utilization, enzymic activities and membrane composition. Interestingly, diphosphatidylglycerol, which is present in the previously described species of the genus Tessaracoccus, was not detected in strain IPBSL-7 T (Fig. S3 ). This feature could be diagnostic for distinguishing strain T from other related strains. On the basis of these phenotypic and phylogenetic results, strain IPBSL-7
T should be included in the genus Tessaracoccus as a representative of a novel species, for which the name Tessaracoccus lapidicaptus sp. nov. is proposed.
Description of Tessaracoccus lapidicaptus sp. nov.
Tessaracoccus lapidicaptus (la.pi.di.cap9tus. L. n. lapis lapidis stone; L. adj captus captive; N.L. masc. adj. lapidicaptus stone-captive).
Facultatively anaerobic, Gram-positive, oxidase-negative, catalase-positive, non-endospore-forming, non-motile, Is not able to produce indole from L-tryptophan and is urease-negative. No anaerobic acid production is detected from the following substrates: lactose, sucrose, maltose, salicin, D-xylose, D-arabinose, melezitose, D-sorbitol, trehalose. Positive for the following enzymic activities: esterase, esterase lipase, leucine arylamidase, agalactosidase, b-galactosidase, a-glucosidase and b-glucosidase. No activity from the following enzymes was detected: alkaline phosphatase, lipase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsine, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-glucuronidase, Nacetyl-b-glucosaminidase, a-manosidase and a-fucosidase. The peptidoglycan was of the A3c9 type and contained LL-DAP. The polar lipid composition includes phosphatidylglycerol, phosphatidylinositol, one phosphoglycolipid, two different phospholipids, three glycolipids and an unidentified polar lipid (Fig. S3) . The predominant cellular fatty acid is anteiso-C 15 : 0 , but significant amounts of iso-C 15 : 0 , iso-C 16 : 0 and C 16 : 0 are also found. More detailed results can be found in Table 2 . The major respiratory quinones are MK-9(H 4 ), MK-9(H 6 ) and MK-9(H 2 ).
The type strain, IPBSL-7 T (5CECT 8385 T 5DSM 27266 T ), was isolated from a 297-metre-depth drilling core obtained from the Iberian Pyrite Belt. The DNA G+C content of the type strain is 70.3 mol%.
